Background: We sought to compare the functional outcomes, radiographic outcomes, and complications of trapeziectomy and flexor carpi radialis (FCR) to abductor pollicis longus (APL) side-to-side tendon transfer with or without suture-button suspensionplasty for thumb basilar joint arthritis. Methods: Patients treated with and without suture-button suspensionplasty were compared over a 6-year period. Data were reviewed for complications and functional outcomes, including grip and pinch strength, range of motion, and visual analog scale (VAS) pain scores. Plain radiographs were independently reviewed at initial presentation and at final follow-up, including proximal phalanx length, trapezial space height, and trapezial height ratio. Results: Seventy thumb arthroplasties were performed in 70 patients. Trapeziectomy with FCR-APL side-to-side tendon transfer was performed in 39 patients, and trapeziectomy with FCR-APL side-to-side tendon transfer with suture-button suspensionplasty was performed in 31 patients. Mean length of follow-up was 28.4 ± 3.9 and 23.8 ± 2.6 months, respectively. Postoperative grip, oppositional and appositional pinch strength, and VAS pain scores improved compared with preoperative values, but were not significantly different based on suture-button suspensionplasty. Percentage decline in trapezial space ratio was significantly different between groups at 36.7% and 20.4% for procedures with and without suture-button suspensionplasty, respectively indicating that the trapezial space was better maintained within the suture suspension cohort. The incidence of postoperative complications, including surgical site infection, paresthesias, reoperation, complex regional pain syndrome, and symptomatic subsidence, was not significantly different between groups. Conclusions: Trapeziectomy with FCR to APL side-to-side tendon transfer with and without suture-button suspensionplasty results in comparable improvement in pain, grip strength, and functional parameters. Suture-button suspensionplasty results in significantly greater preservation of trapezial space.
Introduction
The prevalence of trapeziometacarpal arthritis steadily increases after age 40 years to achieve a prevalence of 91% of patients older than 80 years of age. 1, 2 The publication of multiple comparative meta-analyses and systematic reviews demonstrating a lack of added clinical benefit in terms of pain or physical functioning following trapeziectomy with ligament reconstruction and tendon interposition procedures to trapeziectomy, combined with evidence of fewer complications following trapeziectomy alone, has led surgeons to critically evaluate their choice of procedure for the management of thumb basal joint arthritis. [3] [4] [5] [6] [7] In a search of an effective means to maintain trapezial space and stabilize the thumb metacarpal following trapeziectomy, suspensionplasty techniques anchoring the flexor carpi radialis (FCR) to the abductor pollicis longus (APL) tendons as a functional sling in the trapezial space have been described. Suspensionplasty techniques obviate the need to sacrifice a tendon for ligament reconstruction or use drill holes or pin fixation in the thumb metacarpal for stabilization. 8, 9 Suture-button suspension techniques were subsequently described to provide an internal means to achieve stability of the thumb axis comparable to ligament reconstruction with a reduced potential for infectious complications compared with percutaneous Kirschner wires (K-wires), and have demonstrated satisfactory results with improvement in physical function and strength. [9] [10] [11] [12] [13] The purpose of the present study is to investigate the clinical and radiographic outcomes and complications of trapeziectomy and FCR to APL side-to-side tendon transfer with and without the use of a suture-button suspensionplasty.
Materials and Methods

Study Design
Following institutional review board approval, we performed a retrospective review of a prospectively maintained database of all patients treated operatively for thumb basilar joint arthritis within our institution from January 1, 2008, through December 31, 2014, using Current Procedural Terminology (CPT) code for interposition arthroplasty, intercarpal or carpometacarpal joints, 25447, and the results were refined based on history of trapeziectomy with FCR to APL tendon transfer. Inclusion criteria included length of follow-up greater than 1 year, serial AP and lateral wrist radiographs, and serial functional evaluation. Patients were treated with or without suture-button suspension according to the attending surgeon's preference with both S.K. and B.T.E. performing procedures with and without suture-button suspension. S.K. has previously reported on the use of 2 suture-button suspensions for stabilization of the thumb metacarpal, and during the study period has adopted this as the preferred technique for management of Eaton-Littler grade III or IV arthritis of the thumb basal joint. 9 All procedures were performed on an outpatient basis at the same ambulatory surgery center.
Data Collection
Patient demographic data including age, sex, hand dominance, affected laterality, body mass index (BMI), and medical comorbidities, including diabetes, coronary artery disease, smoking status, osteoporosis, and chronic obstructive pulmonary disease (COPD), were collected. Thumb basilar joint arthritis was graded on PA wrist radiographs using the Eaton-Littler classification system.
14 Operative details were collected, including total tourniquet time, number of suture-button suspensions, and concomitant procedures-extensor pollicis brevis to abductor pollicis longus (EPB-APL) side-to-side tendon transfer, metacarpophalangeal (MCP) arthrodesis, and percutaneous pinning. Rehabilitation protocols were collected, including the number of days in a splint, cast, or removable splint. Total length of follow-up was collected in months. Symptoms and physical examination were performed at the final preoperative encounter and at the final postoperative encounter, including the presence of pain, visual analog scale (VAS) pain scores, active range of motion of the thumb interphalangeal and MCP joints, grip strength, oppositional pinch strength, and appositional pinch strength. PA hand and wrist radiographs were utilized to measure the trapezial space ratio (TSR) as the ratio of trapezial space height in mm (defined by the distance between the proximal aspect of the thumb metacarpal base to the distal pole of the scaphoid) to the length of the proximal phalanx length as previously described by Kadiyala et al. 15 The percentage decline in TSR was defined as one hundred percent minus the dividend (postoperative TSR divided by the preoperative TSR), which represents the relative subsidence of the first metacarpal from preoperative to postoperative. Radiographic parameters were assessed serially; however, preoperative and final postoperative radiographs at greater than 1 year from surgery were evaluated. Postoperative complications were recorded, including surgical site infection, paresthesias, reoperation, complex regional pain syndrome, fracture, prolonged edema, or symptomatic subsidence.
Operative Technique for Trapeziectomy With FCR-APL Side-to-Side Tendon Transfer
The patient is positioned supine and appropriately padded. A nonsterile tourniquet is placed on the upper brachium. The upper extremity is prepared and draped in sterile fashion. The upper extremity is exsanguinated and the tourniquet is inflated. A 3-cm longitudinal incision is placed dorsally overlying the thumb basilar joint. The dissection is carried through the skin and subcutaneous tissues and branches of the superficial sensory branch of the radial nerve are identified and protected. The retinaculum overlying the first dorsal compartments is divided longitudinally between the APL and EPB tendons, cheating dorsally to guard against tendon subluxation. The radial artery and venae comitantes are identified and protected within a vessel loop. The trapeziometacarpal joint is entered through a distally based trapdoor flap. The status of the cartilage of the trapeziometacarpal and scaphotrapezial joints is noted and the trapezium excised in piecemeal fashion to protect the underlying FCR tendon. The scaphotrapezoid joint is inspected and debrided if needed. The FCR is sutured side to side to the APL tendon at its insertion with multiple 2-0 nonabsorbable sutures with the thumb in longitudinal traction, abduction, and extension. The trapezial space and suspension are visualized on fluoroscopy. The tourniquet is released. The wound is copiously irrigated with saline, and hemostasis is obtained. The capsule is not repaired. The wound is closed with 4-0 Prolene suture. A sterile dressing and well-padded thumb spica splint is applied.
Operative Technique for Trapeziectomy With FCR-APL Side-to-Side Tendon Transfer With Suture-Button Suspensionplasty
The trapeziectomy is performed as described above. Following trapeziectomy, the suture-button suspension is performed. One or two Arthrex Mini Tight Rope suture-button suspension devices were used (Arthrex Inc, Naples, Florida). A longitudinal incision is placed over the index finger metacarpal. The dissection is carried through the skin and subcutaneous tissues and the superficial sensory branches of the radial nerve are identified and protected. The periosteum over the index finger metacarpal is incised and radial and ulnar based flaps raised. A tapered 1-mm K-wire is placed from the base of the first metacarpal through to the proximal third of the second metacarpal shaft. Intraoperative fluoroscopic images are taken to ensure satisfactory K-wire position and that there is no impingement between the first and second metacarpal bases. For a double suturebutton suspension, once the first K-wire is in an appropriate position a second tapered K-wire is advanced in similar fashion to the first wire. The mini-TightRope devices are then sequentially deployed and tensioned with the thumb basilar joint in palmar abduction and extension according to manufacturer's instructions, and fluoroscopic images are obtained to confirm the adequacy of the suspension. The FCR-APL side-to-side tendon transfer is then performed as described above.
Rehabilitation Protocol
Postoperatively, the patients are placed in a well-padded short-arm thumb spica splint for 10-16 days at which point sutures are removed. The patients are then placed in a shortarm thumb spica cast or splint for 4 weeks, and then graduated to a removable thumb spica orthosis for 4-6 weeks full-time wear except for hygiene with range of motion exercise and edema control. The patients then wean out of the splint except for comfort and begin a home exercise strengthening program.
Statistical Analysis
Descriptive statistics were used to summarize data, including percentages and counts for categorical and ordinal data and means and standard error for continuous data. Power analysis was performed for the primary endpoints in the study, VAS pain score, grip strength, and total MCP range of motion with a 2-sided design, alpha level of 0.05, and beta level of 0.05, and the sample size required to achieve this beta level was 11, 10, and 18, respectively. Differences between groups based on the presence or absence of a suturebutton suspensionplasty performed in the index procedure were compared with the chi-square test (or Fischer exact test) for categorical variables and Student t test for continuous variables. Statistical analyses were performed by the Division of Biostatistics using SAS version 9.2 (SAS Institute, Cary, North Carolina). A P value less than .05 was considered statistically significant.
Results
Trapeziectomy with FCR-APL side-to-side tendon transfer was performed in 39 patients, and trapeziectomy with FCR-APL tendon transfer with suture-button suspensionplasty was performed in 31 patients. Mean length of follow-up was 28.4 ± 3.9 and 23.8 ± 2.6 months, respectively, and was not significantly different between groups. Patient demographic characteristics, comorbidities, operative details, and rehabilitation protocols are detailed in Table 1 . Total operative time was decreased in the trapeziectomy with FCR to APL side-to-side tendon transfer without suture-button suspension (43.5 ± 3.9 vs 77.3 ± 2.3, P < .001). Even with the exclusion of the suture-button suspensionplasty, concomitant procedures were more commonly performed in the suture-button suspension group (7 vs 34, P = .008) ( Table 1) .
Preoperative and postoperative functional outcomes data, including pain, strength, and range of motion parameters, are reported in Table 2 . Postoperative pain presence and VAS pain scores were significantly improved compared with preoperative values in both groups. Postoperative grip and pinch strength was improved in both groups. Postoperative grip strength was significantly improved compared with preoperative values in the suture-button suspension group (20.1 ± 1.9 vs 13.9 ± 1.4, P < .05), whereas postoperative appositional pinch strength was significantly improved compared with preoperative values in the without suture-button suspension group (7.1 ± 0.9 vs 4.4 ± 0.5, P < .05). No significant difference was noted between with or without suture-button suspension groups for any functional parameter.
Preoperative and postoperative radiographic TSR is indicated in Table 3 . Postoperative trapezial space height and TSR were significantly decreased compared with preoperative values. Postoperative trapezial space height and ratio were significantly higher in the suture-button suspension group, and consequently the percentage decline in TSR was significantly decreased in the suture-button suspension group (20.4% vs 36.7%, P = .0000006).
Postoperative complications are reported in Table 4 . Complications did not significantly differ between groups. One reoperation was performed in each group with 1 symptomatic neuroma correction and 1 removal of suture-button for symptomatic implant palpability in the groups without and with suture-button suspension, respectively (Table 4) .
Discussion
The purpose of the present study was to compare the functional and radiographic outcomes as well as the complications following trapeziectomy and concomitant FCR to APL side-to-side tendon transfer with or without suturebutton suspensionplasty. The management of trapeziometacarpal arthritis has progressed from trapeziectomy alone described by Gervis in 1949 in an attempt to ameliorate pain, optimize thumb stability, and improve physical functioning. 16 Ligament reconstruction and tendon interposition arthroplasty described by Burton and Pellegrini in 1986 17 and APL suspensionplasty described by Weilby 18 have emerged as favored techniques to achieve these goals. However, recent systematic reviews and meta-analyses have failed to demonstrate an improvement in pain or physical functioning compared with trapeziectomy and hematoma arthroplasty alone. Furthermore, increased complications were reported with traditional tendon transfer-based ligament reconstruction techniques, including tenosynovitis, paresthesias, scar-related issues, infection, and reoperation. [3] [4] [5] [6] Consequently, hand surgeons have revisited other techniques without the potential for complications associated with tendon procurement.
19-21 EPB-APL side-to-side tendon transfer Note. Continuous variables presented as mean (standard deviation). Categorical variables presented as incidence (%). FCR = flexor carpi radialis; APL = abductor pollicis longus; BMI = body mass index; COPD = chronic obstructive pulmonary disease; EPB = extensor pollicis brevis; MCP = metacarpophalangeal. † P < .05 vs with suture-button suspension.
and suture-button suspensionplasty are examples of application of new techniques and technologies to address this problem without the morbidity of tendon transfer-based techniques. [8] [9] [10] 12, 13, 22 In the present study, we have compared trapeziectomy with FCR-APL tenodesis in 39 patients to the same procedure with the addition of suture-button suspensionplasty in 31 patients with midterm follow-up of 28.4 ± 3.9 and 23.8 ± 2.6 months, respectively. Both procedures demonstrated improvement in functional parameters including pain, pinch strength, and grip strength while maintaining range of motion. No significant difference was noted between with or without suture-button suspension groups for any functional parameter in the present study.
Tourniquet time was decreased in the trapeziectomy with FCR to APL side-to-side tendon transfer without suturebutton suspension. Trapezial space height and ratio were significantly higher postoperatively with the use of the suture-button suspension, thus indicating less subsidence of the metacarpal axis over time. There was not a significant difference in reoperation or minor complications between the 2 groups.
The hypothesis central to the use of the suture-button suspension is that suture-based suspension of the thumb Note. Continuous variables presented as mean (standard deviation). Categorical variables presented as incidence (%). FCR = flexor carpi radialis; APL = abductor pollicis longus; NA = not applicable; MCP = metacarpophalangeal; IP = interphalangeal. * P < .05 vs preoperative factor. axis to the second metacarpal would provide mechanical resistance against subsidence comparable to that of percutaneous pins without the associated complications. 13, 23 Biomechanical studies have demonstrated that suture-button suspension demonstrates a superior initial load bearing profile and maintenance of trapezial space following serial loading in cadaveric models. 24 The immediate stability of the construct has the reported benefit of early rehabilitation; however, in the present study no significant difference in progression of rehabilitation was noted between the 2 groups. Durability of suture-button suspension has been demonstrated with midterm outcomes, which has been described by Yao and Cheah in 14 patients with 5-year follow-up with mean maintenance of 71% of trapezial height with improvement of pinch and grip strength of 107% and 102% of the contralateral side. 11 The technique of dual suture-button suspensionplasty was described by Parry and Kakar, which demonstrated improved pain and increased grip and pinch strength with preserved range of motion in 11 patients with mean follow-up of 17 months. 9 However, suture-button suspension is not without complications. In the series by Yao and Cheah, 7.1% of patients required implant removal and 14.3% of patients had neuropathy in the superficial sensory branch of the radial nerve distribution. 11 Other complications with the use of the suture-button suspension have been described, including fracture of the index metacarpal and rupture of the extensor pollicis longus tendon; however, these complications were typically noted with earlier generations of the implant and were not encountered in the present study. 25, 26 The primary limitation of this study is its retrospective, single academic center nature. The operations were exclusively performed by the 2 senior authors (B.T.E. and S.K.). Radiographs for calculation of trapezial space parameters were obtained using standard radiography protocols, and TSR as an index of subsidence was previously validated; however, radiograph-based measurements are subject to potential confounders in terms of changes in angular hand position which in turn could affect trapezial space measurements. 15, 27 The authors acknowledge that previous work has demonstrated that maintenance of trapezial height has no significant correlation with either objective or subjective patient outcomes. 28 The tertiary referral center nature of the institution limits follow-up outside the reported ranges as many patient travel a significant distance for these procedures, and long-term follow-up is often difficult to obtain.
Trapeziectomy with FCR to APL side-to-side tendon transfer either with or without suture-button suspension is a safe and effective option for management of trapeziometacarpal arthritis. Without suture-button suspension, the operation can be performed in less time with equivalent functional outcomes; however, the addition of suture-button suspension improves maintenance of the trapezial space over time.
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